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Washington, D.C. 20231 



Dear Sir: 



In advance of prosecution, please enter the following amendments and remarks. 



AMENDMENTS 



In the Specification: 



At page 1 , after the title, insert: 



-This application is a U.S. national phase application of International PCT/SEOO/00514, 
filed March 16, 2000, which claims priority to Apphcation Serial No. SE 9901007-6 filed March 
19, 1999, all of which are hereby incorporated by reference in their entirety.— 



la the Claims: 

Please CANCEL claims 1-14. 
Please ADD the following new claims: 

—15. (New) A method for treating diseases in humans caused by infection by H. pylori 
of human gastric mucosa comprising administering to a human patent in need thereof an 
effective amount of a fUcosylated N-acetyl lactosamine carbohydrate structure. 

16. (New) The method according to claim 1 5 wherein said lactosamine carbohydrate 
structure is sialyl-Lewis antigen carbohydrate structure. 

17. (New) A method according to claim 17 wherein said sialyl-Lewis antigen 
carbohydrate structure binds to adhesins on the surface of H. pylori. 

18. (New) A method according to claim 16 wherein the sialyl-Lewis antigen 
carbohydrate structure substantially reduces the adhesion of//, pylori to epithelial cells of a 
histological section of human gastric mucosa. 

19. (New) A method according to claim 16 wherein the sialyl-Lewis antigen is 
selected from sialyl-Lewis x and sialyl-Lewis a. 

20. (New) A method according to claim 17 wherein the sialyl-Lewis antigen is 
selected from sialyl-Lewis x and sialyl-Lewis a. 
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21 . (New) A method according to claim 1 8 wherein the sialyl-Lewis antigen is 
selected from sialyl-Lewis x and sialyl-Lewis a. 

22. (New) A method according to claim 1 6 wherein the sialyl-Lewis antigen is 
selected from dimeric or repetitive sialyl-Lewis x and dimeric or repetitive sialyl-Lewis a. 

23. (New) A method according to claim 17 wherein the sialyl-Lewis antigen is 
selected from dimeric or repetitive sialyl-Lewis x and dimeric or repetitive sialyl-Lewis a. 

24. (New) A method according to claim 1 8 wherein the sialyl-Lewis antigen is 
selected from dimeric or repetitive sialyl-Lewis x and dimeric or repetitive sialyl-Lewis a. 

25. (New) A method of treating diseases in humans caused by infection by H. pylori 
of human gastric mucosa comprising administering to a patient in need thereof an effective 
amount of antibodies to a fiicosylated sialylated N-acetyl lactosamine carbohydrate structure. 

26. (New) A method of claim 25 wherein said lactosamine structure is sialyl-Lewis x 
carbohydrate structure.— 

REMARKS 

Applicants have canceled claims 1-14 in the PCT application as filed and replaced them 
with claims 15-26. Claims 15-26 track claims 1-14 but are now written in proper USPTO format 
rather than EPO format. 

Attached hereto is a marked-up version of the changes made to the specification and 
claims by the current amendment. The attached page is captioned " Version with markings to 
shovy changes made ". 
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In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, applicant petitions for 
any required relief including extensions of time and authorizes the Assistant Commissioner to 
charge the cost of such petitions and/or other fees due in connection with the filing of this 
document to Deposit Account No. 03-1952 referencing docket no. 514862000100 . However, 
the Assistant Commissioner is not authorized to charge the cost of the issue fee to the Deposit 
Account. 



Respectfully submitted. 



Dated: September fj_, 2001 By: 

Michael R. Ward 
Registration No. (38,651) 

Morrison & FoersterLLP 
425 Market Street 

San Francisco, California 94105-2482 
Telephone: (415) 268-6237 
Facsimile: (415)268-7522 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



In the Claims: 

1 5 . (New) A method for treating diseases in humans caused by infection by H. pylori 
of human gastric mucosa comprising administering to a human patent in need thereof an 
effective amount of a fucosylated N-acetyl lactosamine carbohydrate structure. 

16. (New) The method according to claim 15 wherein said lactosamine carbohydrate 
structure is sialyl-Lewis antigen carbohydrate structure. 

17. (New) A method according to claim 17 wherein said sialyl-Lewis antigen 
carbohydrate structure binds to adhesins on the surface of R pylori. 

18. (New) A method according to claim 16 wherein the sialyl-Lewis antigen 
carbohydrate structure substantially reduces the adhesion ofH. pylori to epithelial cells of a 
histological section of human gastric mucosa. 

1 9. (New) A method according to claim 16 wherein the sialyl-Lewis antigen is 
selected from sialyl-Lewis x and sialyl-Lewis a. 

20. (New) A method according to claim 17 wherein the sialyl-Lewis antigen is 
selected from sialyl-Lewis x and sialyl-Lewis a. 

21. (New) A method according to claim 18 wherein the sialyl-Lewis antigen is 
selected from sialyl-Lewis x and sialyl-Lewis a. 
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22. (New) A method according to claim 1 6 wherein the sialyl-Lewis antigen is 
selected from dimeric or repetitive sialyl-Lewis x and dimeric or repetitive sialyl-Lewis a. 

23. (New) A method according to claim 17 wherein the sialyl-Lewis antigen is 
selected from dimeric or repetitive sialyl-Lewis x and dimeric or repetitive sialyl-Lewis a. 

24. (New) A method according to claim 1 8 wherein the sialyl-Lewis antigen is 
selected from dimeric or repetitive sialyl-Lewis x and dimeric or repetitive sialyl-Lewis a. 

25. (New) A method of treating diseases in humans caused by infection by H. pylori 
of human gastric mucosa comprising administering to a patient in need thereof an effective 
amount of antibodies to a fucosylated sialylated N-acetyl lactosamine carbohydrate structure. 

26. (New) A method of claim 25 wherein said lactosamine structure is sialyl-Lewis x 
carbohydrate structure. 
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JJsQ of fkcasyiated sMyiated N-acstyl lactosaaaame earbolaydrais stractmres 
for mMbfiiom ofliacterial adfeereace 



The present inveation relates to the use of at least one focosyiated siaiyiated N- 
acetyl lactosamine carbohydrate structiare, such as siaiyl-Lewis antigen carbohydrate structure 
for the preparation of pharmaceuticai compositioDS for the treatment or prophylaxis in 
humans of conditions involving infection by Helicobacter pylori, or related organisms in the 
human gastrointestinal mucosa,, as well as a method of treating such conditions using 
fucosylated siaiyiated lactosamine structures, such as said sialyl-Lewis aadgen carbohydrate 
structures. 



Baci^oBimd of Ae imveiitloii 

H. pylori, fee human specific gastric pathogen; has emerged as the causative 
agent in ciffonic active gastritis and peptic -ulcer disease. The chronic infection has been 
coireiated to the development of gastric cancer, one of the most common forms of cancer in 
humans (reviewed in M. J. Blaser. Set Amer. 2, 92, 1996). H. pylori colonizes the human 
gastric mucosa by adherence to the mucous epithelial cells and the mucus layer lining the 
gastric qjithelium. These adherence properties protect the bacteria from the extreme acidity of 
the gastric lumen and displacement from the stomach by forces such as gastric emptying. 
Central to current thinking in pathogenesis is the importance of adherence for colonization or 
disease. Bacteria express adhesion molecules that recognize specific carbohydrates on the 
epithelial cell siarfece and mucin molecules in the mucus lining. 

It has previously been demonstrated that the fecosylated blood group antigens 
Lewis b and H-1 to mediate adherence of S pyloH to human gastric epithelial ceils in situ (T. 
Boren et al.. Science 1993, 262, 1892). The fucosylated blood group antigens H-1 and Lewis 
b are typicaiiy found on erythrocytes where they define the O pheaotype in the ABO blood 
group system, but they are also expressed on the epithelial ceil surfeces. A relationship 
between histo-felood group antigens and the development of duodenal ulcer has received 
attention since the discovery of Aird ei al. 1954. Br Med J, 315, that the frequency of 
individuals with blood group 0 is strikingly in patients suffering from peptic ulcer. The 
H. pylori specificity for the Lewis b and H-1 antigens as receptors, could possibly explain the 
hi^er prevalence for peptic ulcer disease in blood group O individuals, since the level of 
available H. pylori receptors might be reduced in mdividuals of blood group A and B 
phenotypes (T. Boren and P. Faik, Science fletter),i994, 264, 1387., T. Boren and P. Falk 
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(1994) Scientific American, Science S: Medicine, Sept/Oct 28-37). 

The probian imdariying the present invention is that of finding ciinicaliy 
significant and effici^t substances that influence bacterial adherence and in particular the 
adheraice of pylori, a ps^vaient pathogoi in humans, to the human gastric mucosa. A 
fiirther problem is to make available new and efficient methods for the treatmerri: or 
prophylaxis of pylori infections. 

Smsmiary of t&e ImvesitioH ^ 
The present invention solves the djove problems in that it makes available a 
novel ase of fiicosylated sialyiated N-acetyi lactosamine giycoconjugates, such as siaiyi- 
Lewis X stractures and methods of treatment according to the attached claims. 

Bescsiptioffi of tlie fares' 

The present invention will be described in closer detail below, -with reference tc 
the attached examples and figures, ia which: 

Fig, 1 and Fig. 7A, B show bacterial in situ adhesion to human gastric mucosa 
and inhibition assay: In situ adherence analysis of the receptor specificity of if. pylori (CCUG 
17875 and ths babAIA2- -mnjtant). Bacteria were pre-incnbated with, the Lewis b conjugate in 
lOfig/ml conceatratioB, or the siaiyl-Lswis conjugate in 20p.g/mi concentration. (A) Section 
of human gastric mucosa stained with hematoxylin/eosin. (B, C) Non-inhibited H. pylori 
babAJA2- mutant and CCUG 17875, respectively, binding to human gastric epithelium. (D, 
E) Inhibition experiments with Lewis b antigen-, and sialyl-Lewis x antigen- 
neoglycoconjugate, respectively (F, G). 

For Figure lA-lF, biopsy no. 12 (Fig. 7A) was used, with a moderate degree of 
inflammation cell infiltration. For Fig. 7B, a biopsy no. 9 was use4 with less inflainmation 
infiltrate and almost devoid of receptors for the babAIA2-mixtax5t. 

Reduction in bactCTal binding was estimated by counting the nmnber of 
adherent bacteria in 10 different fields under 200X magnification in two indepeadent 
mhibiiion expsiments. The control where bacteria were not pre-incubated with 
giycoconjugates w^ defined as 100% binding. 

Fig- 2 and 7C show bacterial in situ adhesion to mouse gastric mTicosa and 
inhibition assay: In situ adherence analysis of the reenter specificity of i?. pylori. CCUG 
17875 and the babAlAl- -mutant (A) Section of mouse gastric mucosa stained with 
hematoxylin/eosin. (B, C) Non-inhibited H. pylori babAlAl-mutanL and CCUG 17875 
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overlaid on non-transgeruc gastric tissue (B, C). and the "Lewis b mouse" transgsiic gastric 
tissue (D, E), respectiveiy. inhibition experiment by the "Lewis b mouse" transgenic gastric 
tissue wi& siaiyl-Lewis x neo^ycoconjugate (F, G), ion concaitrations as described in Fig. 1. 

For Fig. 7C the experimental system was as above, and reduction in bacterial 
binding was estimated by counting the number of adherent bacteria in 1 0 different jSelds 
mder 2G0X magnification in two independent inhibition esperiments. 

Flg- 3 shows the results of analyses of iX pylori binding to HPTLC separated 
sialyiated glycolipids: Binding of Helicobacter pylori and monoclonal antibodies directed 
against sialyl-Lewis x and sialyl-Lewis a to giycospfaingolipids on diin-lay«- chromatograms. 
The giycosphingolipids ware separated and (A) visualised with anisaidehyde. Duplicate 
chromatograms wsrs incubated witb monoclonal (B) anti-sialyl-Lewis x, (C) anti-siaiyi-Lewis 
a, and radiolabelled H. pylori (D) strain CCUG 17875, (E) the BafaAl A2 mutant strain, and 
(F) strain CCUG 17874. Autoradiography was fer 12 hr. The lanes contained: 1, Acid 
glycosphingoHpids of calf brain, 40 ^g; 2, Acid giycosphingolipids of human neutrophil 
granulocytes, 40 iig; 3, Acid giycosphingolipids of human neutrophil granulocytes afierde- 
sialylation, 40 |ig; 4, Acid giycosphingolipids of human gall bladder adenocarcinoma, 40 fig; 

5, Acid glycosphingoUpids of human gall bladder adenocarcinoma after de-sialylation, 40 ^g; 

6, NeuAca3Gaip4(Fuca3)GlcNAcp3Gaip4(Fuca3)GlcNAc^3Galp4Glc^lCer isolated firom 
human gall bladder adenocarcinoma, 1 jiig; 7, 

NeuAca3Gaip3(Fuca4)GlcNAc|33Gali34Gicpl-Cer (sialyi-Lewis ahexagiycosyiceramide) 
isolated from human gall bladder adenocarcinoma, 4 jig; 8, 

NeuAc£t3Gaip4(Fuca3)GlcNAcp3Gaip4Gicp2Cer (siaiyl-Lewis x hexagiycosyi-ca^de), 4 
lig; 9, Fuca2Galp3(Fuca4)GlcNAcp3Galp4GIcplCer (Lewis b-6 hesagiycosylceramide) of 
human small intestine, 4 jig. 

Fig. 4 shows characterisation of pylori receptor specificity with soluble 
sialylaied conjugates: H. pylori strains (see Bacterial Strains and Growth Conditions) were 
incubated with 125|.iabelled neo-giyco conjugates (See Experimental protocol: Radio 
hnmuno analyses with neoglycoconjugate receptors). Bars, from the left to the -right; The 
siaiyl-aifa2.61actose-, sialyi-alfa2.31actose-, sialyi-Lewis a-, sialyl-Lewis x-, and Lewis b-, 
synthesised sialyi-Lewis x- siaiyi-acetyilactosaminee, both with a either a 3 carbon or 14 
carbon (extended/hydrophilic) spacer, conjugated to albumin. Finally, the histo-blood group 
antigen Lewis y (synthesised penta-saccharide) (V. Behar and S.J. Danishefeicy, Ange'/v. 
Chem. Int. Ed, Engl, 1994, 33, no. 14, 1468.), was analysed as a neo-glycoconjugate. 
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Fig, 5 shows a negative ion FAB mass spectrum of the 5: pyiori-bindmg 
ganglioside isolated from human gall bladder carcinoma: The molecular ion (M-H+)- at m/z 
2174 indicates a glycosphingolipid with one NeuAc, two fiicoses, two iV-acdyihexosamines, 
four hexoses and dl8:l-16:0. A series of fragment ions from m/z 2174, obtained by successive 
elimination of teaninal carbohydrate nnits, are fomd at m/z 2028 (M-Fiic-H+)-, m/z 1882 (M- 
NeuAc-H^-)- m/z 1720 (M-NeuAc-Hex-H+)-, m/z 1574 (M-NeuAc-Hex-Fnc-H+)-, m/z 1371 
(M-NeuAc-Hex-Fuc-HexNAc.H+)-, m/z 1209 (M-NeuAc-Hex-Fuc-HexNAc-Hex-BT^)-, m/z 
1063 (M-NeuAc-Hex-Fxic-HexNAc-Hex-F-uc-H+)-, m/z 860 (M-NeuAc-Hex-Fuc-HexNAc- 
Hex-Fuc-HexNAc-H+)- m/z 698 <M-NetiAc-Hex-Fvic-HexNAc-Hex-Fnc-HexNAc-Hex-H+)- 
, and m/z 536 (M-NeuAc-Hex-Fnc-HexNAc-Hex-Fuc-He5NAc-Hex-Hex-H+)-. Thus the 
giycospimgolipid bad a NeuAcHex(Fuc)HexNAcHex(Fuc)HexNAcHexHex sequence, as 
shown in the fomiuia above the spectrum. 

Fig. 6 shows K pylori adherence to immobilized neogiycoconjugates in 
ELISA: Sialyl-Lewis a-PAA, sialyl-Lewis x-PAA, 3'-HS03-Lewis a-PAA, and 3'-HS03- 
Lawis x-PAA, i.e. synthesised sialyiated or sulphated Lewis antigais coiij-ugated to 
polyacryiamide backbone were added in dilution series of 1 jig, 1 OOng, and 10 ng, to 
streptavidin coated microtiter plats (ELISA). CCUG 17875 (75) and the babAM2 double 
mutant (DM) were added to the ELISA m a series labeEed A-F. Adherent bacteria were 
detected by polyclonal rabbit antisera against H. pylori CCUG 17875. The products of the 
horseradish peroxidase reaction were quantified in a microtiter plate reader. 

Fig. 7A, B, C See Fig. 1 .and Fig. 2 

Fig, 8 Antibody ioMbitions of bacterial binding in situ. H. pylori CCUG 17875 
(75) and the bahAlAl-msitsiA (DM) were overlaid on tissue sections pre-treated with 
monoclonal antibodies against the Lewis b antigen (Lab)or the siaiyi-Lewis x ( sia- 
Lex)antigen, and anal3r2ed by in situ adherence. Each value is the mean number of adherent 
bacteria + -SEM of 10 difierent fields. A comparison between the two differ^t bacterial 
strains (CCUG17875 babAl/babA2-xxmtsx&) and control (DM-kon, 75-kon) was performed 
with the WHcoxon/Student T-test non-parametric test P values below 0,05 were considered 
significant 

The following tables are attached to the description: 
Talsle 1, which shows a summary of the results generated in Fig. 3; 
Table 2, which shows a summary of resuils from binding of Heiicobacter pylori 
to giycosphingoiipids on thin-layer chromatograms, and 
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Table 3, w^hich. presents the giycoconjugates used in the present study. 
Description 

The present inventors have now surprisingly identified a new host tissue 
carbohydrate receptor, mapped the receptor specificity and affinity and, in addition, found the 
presence of the new receptor to be highly correlated with the level of tissue-inflammation, 
suggesting an up-regulation of the new H. pylori receptor in infected and inflamed 
gastrointestiaal mucosa. Consequently the use of a ^ecific carbohydrate stracture is 
disclosed, together with a new method for treatment according to die attached claims. In this 
context, conditions involving gastrointestinal infection by ^Ty/on comprise chronic active 
gastritis, gastric ulcers, duodenal ulcers, gastric adenocarcinoma, and gastric lymphoma. 

In order to characterize and identify the microbial part of the interaction, i.e. the 
corresponding Msto-blood group antigen bindmg H. pylori adhesin, i.e. the BabA adhesin, the 
group combined the technique of afSnity purification and crossiinker attachment, and 
developed a novel technique; Receptor Activity Directed Affinity Tagging (ReTagging), 
allowing the identification and purification of Resins, (and subsequoot cloning/sequencing) 
by the biological activity of the Lewis b antigen receptor (D. liver and T, Boren et al,. Science 
279, 373, 1998). In order to verify the correct idaitity of the cloned £>ai>/4-adhesin gene, a 
babA-knock out mutant, Le. a mutant lacking the babA adhesin gene(s) was constructed. This 
mutant subsequently lost the binding activity for the Lewis b antigen recq)tor, and the correct 
identity of the cloned babA-adhesin gene could be verified. The experiment was vital sines 
the BabA adhesin belongs to a family of related and similar outer membrane genes and, in 
a(Mition, two separate, but identical alleles of the babA adhesin gene were found (although 
only one allele was found to be expressed as a functional adhesin protein). These results were 
also published in: nverTBoren et al.. Science 279, 373, 1998. It is proposed that specific 
recsptor-adhesin mediated H. pylori adherence to gastric epithelial tissue plays a critical role 
in efficient deiiveiy ofH. pylori vimlsice factors that damage host tissue directly, and that 
incite infiammatory responses and provoke auto-immune reactions, that cumulatively lead to 
development of ulcer disease 

Tne bd3A knock out mutant described above, lacking the Lewis b antigen 
binding properties, turned out to be extremely interesting because the mutant still binds avidly 
to the human gastric epithelial lining, in adhersice experiments in situ, Lq. to Msto-tissue 
sections of human (biopsy) gastric mucosa. These results suggest the activation of a 
complonentary adhesin-recsptor interaction, for optimal tissue targeting. 
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Consequently, the present inventors disclose the use of fiicosyiated siaiylated N- 
acetyi lactosamine carbohydrate structures, such as sialyl-Lewis antigen carbohydrate 
structures for the preparation of a piaarmaceutical composition for the treatment or 
prophylaxis in hianans of conditions involving infection by Helicobacter pylori and related 
5 pathogens of the human gastric mucosa. In particular, said use in which the sialyl-Lewis 
antigen carbohydrate structure is capable of binding to adhesins present on the surfece of H. 
pylori. 

Fucosyiated siaiylated N-acetyl lactosamine structures are created by expression 
of ai&l,3fucosyitra3isferase acdvities capable of modifying acci^tors containing alfe(2,3) 

10 sialic acid-substituted lactosamineoglycans, such as Lewis x, GalBl.4(FucalfaL3)GlcNAci3l- 
R (where R is a protein or other carbohydrate structure). The Lewis x antigen is a common 
trisaccharide structure, which forms the core of this siaiylated structure, resulting in sialyl- 
Lewis X, i.e. NeuAGaifa2.3Ga.i3l.4CFucalfal)GlcNAc-R. AnGther possible structurs would be 
di&cosylated sialyl Lewis x, a longer pol3rfiicosyiated poiyiactosamineogiycan, or similar 

15 -dffldvatives. It is suggested, that the number of fucose-residues in the core ch3m affects the 
affinity and aids in the stabilisation of the receptor-ligand complex/interaction- This interest 
was further increased by the finding that a binding pattern almost parallel to the pattern of 
strains CCUG 17874 and the mutant strains was obtained with monoclonal antibodies directed 
against sialyl-Lewis x (Fig 3, B). The optimal receptor could be of more complex type, as 

20 suggested by the slower migrating ^ycoiipid bands that demonstrate high affinity receptor 
properties in the HPTLC-overlay analyses (Lanes 2 and 4). 

A H. /jy/on-binding and anti-siaiyl-Lewis x-reactive giycosphingoHpid was 
isolated from the hxmiaii gall bladder adenocarcinoma (Fig. 3, lane 6), and characterized by 
negative ion FAB mass spectrometry and NMR as NeuAcHes(Fuc)HexNAcH^- 

25 (Fuc)HesNAcHesHex with spinngosine and non-aydroxy 1 6:0 fatty acid (Fig. 5). Taken 
together with the aati-sialyl-Lewis x-biading activity a NeuAca3Galp4(Fiica3)- 
GlcNAcp3Galp4<Fixca3)GlcNAcp3Gaip4GlcpiCer compound was suggested, i.e. a 
ganglioside with repetitive Lewis x core, previously described in himian colonic 
adenocarcinoma (Fnkushi, Y., Nudeiman, E., Levery, S3., Hakomori, S.-L, and Rauvaia, H. 

30 (1 984). Novel fucolipids acciimuiating in human adenocarcinoma, m A li3?bridoma antibody 
(FH6) defining a human cancsr-associated dimcogangiioside (Vl3NeuAcV3in3Fiic2iiLc^). J. 
BioL Qiem. 259, 1 051 1-1051 7). The binding-active compound was dms a ganglioside with 
repetitive Lewis x core (Fig. 5). 
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WMle almost no bincmg to sialyi-Lewis a hexa^ycosyicsrainide (Fig. 3, lane 7) 
was obtained, a weak binding of the CCUG 17874 strain, the BabA2 mutant and the 
BabAlA2 nrataat to sialyi-Lewis x hexagiycosyicsramide (lane 8) was occasionally observed. 
However, this binding reqtjired 2 mnol, while the detection level for NexiAca3Gaip4(Fiica3)- 
5 GlcNAcp3Gaip4(Fnca3)GlcNAcp3Gaip4GlcplCer was approximately 1 pmol 

The distinct difference in affinity argue for that the monomeric sialyi-Lewis x 
gaagiioside exhibit featores required for bacterial binding, while the dimeric or repetitive 
foim is optimised in its presentation of the terminal sialic acid epitope. 

At lids stage an open question if the inareased binding activity is dependent on 

10 the repetitive Lewis x element, or due to the longer carbohydrate diaia giving optimal 

espostsre of the binding epitope, as has been described for monoclonal anti-siaiyl-Lewis x 
antibodies (Mtithing, J., Spanbroek, IL, Peter-Katalinic, J., Hanisch, F.-G., Hanski, C, 
Hasegawa, A, Uniand, F., Lehmann, J., Tschesche, H., and'Egge, H. (1996). Isolation and 
structural characterisation of fucosyiated gangliosides with linear poly-N-acetyilactosamineyi 

i5 chains msm human granuioc3?tes. Glycobiqlogy 6^ 147-156). 

Further, the present invention -comprises a method for treating and/or preventing 
diseases in humans caused by infection by H. pylori of human gastric mucosa, said method 
comprising administering to a human patient in need thereof an effective amount of a sialyi- 
Lewis antigen carbohydrate structure. 

20 The sialyi-Lewis antigen carbohydrate structure is an antigen chosen among 

sialyi-Lewis x and sialyi-Lewis a and structurally related carbohydrates. According to a 
preferred embodiment, the siaiyl-Lewis antigen carbohydrate structure is a dimeric or 
repetitive sialyi-Lewis antigen carbohydrate structure, for example an antigen chosa: among 
dimeric sialyi-Lewis x and sialyi-Lewis a and in particular a repetitive sialyi-Lewis x type 

25 stracture. 

According to another embodiment, ecempiified in the attached examples, the 
bacterial adherence can be influenced by antibodies, raised against the sialyi-Lewis structure. 
The manufactnre of suitable antibodies, either monoclonal or polyclonal antibodies, is well 
known to persons skilled in the art. 
30 A pharmacsuticai composition comprising a sialyi-Lewis antigen or 

eoixesponding antibody as the main active substance or as one of several active substances 
can be prepared in a conventional manner, equal to the preparation of other compositions for 
administration to the gastrointestinal tract Suitable pharmaceutical vehicles for administration 
to a patient are known to those skilled in the art. 
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Said phannaceatical composition may preferably be administered oraEy, 
par^terally or per rectum. It is conceivable that the pharmaceuticai composition is given to 
the pati^t in drinkable form, comprising suitable constituents such, as starches, sugars, fets 
and waxes and may further include flavouring agents, coiouiing agents, disintegrants, binders, 
5 dispersants etc. It is also conceivable that the pharmaceuticai composition is delivered locally 
to the stomach or duodenum via a stomach tube or nasogastric or nasoduodenal tube. Suitable 
administration forms include Kquid, e.g- aqueous suspensions, as well as solid forms, such as 
tablets, capsules or suppositories. 

For parmterai administration, the sialyl-Lewis x type carbohydrate structure or 
1 0 corresponding antibody can be dissolved or suspecided m sterile water or physiologicai saline 
soiutiorL For enteral admimstration, the carbohydrate can be incorporated into an inert carrier 
and" processed to a tablet, capsule or similar form. 

Altffinativeiy, the carbohydrate or correspondiag antibody can be administered 
in liposomes or microspheres / microparticles. Methods for preparing liposomes and 
1 5 microspheres for administration to a patient are known to those skilled in the art, and these 
can be tailored according to need, for example to obtain delayed release or release at a 
specific location in the gastrointestinal tract, dependent of pH, tanperature or the like. 

The dosage of the sialyi-Lewis antigen or corresponding antibody depends on 
the choice of administration route, the particular condition to be treated and the severity of the 
20 same, and also whether the disease is to be treated or prevented, as well as the age and weight 
of the patient to be treated. Finding the optimal dose in each case lies within the normal skills 
of a practitioner in the field. Importantly, die carbohydrates should be active when 
admini stered paxenterally or by other means. The amoimts needed will be based on the 
concentrations required for inhibition ofH. pylori cells in in vitro assays and the clearance 
25 rates of the carbohydrates. The dosage is also dependsit on whether one or more 

carbohydrates are administered. A synergistic effect may be seen with combinations of 
carbohydrates, other pharmaceuticals such as antibiotics, multivalent forms of the natural 
ligand or derivatives thereof, designed to increase affinity and/or avidity for K pylori. 

The present invention will be exemplified in the foEowtng, non-limiting 

30 examples: 



wo m/5S343 



9 



FCT/SEmmQS14 



Esperimeatai procsdares 

Bacterial Strains smd Growth CssuMUqos 

H. pylori strain CCUG17875 and CCUG 17874 (Austraiian) were obtained from 
CCUG, Goteborg, Sweden. Strain MOi9 (US) and was described previoxisiy (T. Boren, P. 
Falk, K. A. Roth, G. Larson, and S. Normark, Science, 262, 1892 (1993),). Strain 26695 was 
recently genomically sequenced (J-F. Tomb et al.. Nature 3§8, 539 (1997).). The molecular 
construction and Lewis b antigen binding properties of the babA2-mistasit was recently 
described (D. Hver, et al.. Science, 279, 373 (199S)). The panel of 91 if. pylori fresh clinical 
isolates came from the University Hospital in Uppsala, Sweden. Bacteria were grown at 3TC 
in lO % C02 and 5% O2 (T- Boren, P. Falk, K. A. Roth, G. Larson, and S. Normaik, Science.. 
262, 1 892(1993), for 2 days for optimal Le b antigeji binding activity. 

Bacterial In. situ adhesion and InMbition assay 

Bacterial in situ adherence assay (Fig. 1 and Fig 2) was as described (P. Falk et 
aL, Froc, Natl. Acad. Set U.S.A., 90, 2035 (1993)). Human stomach samples were obtained 
from the Department of Gastroenterology, Barnes- Jewish HospitayWasfaington University, SL 
Louis. Bacteria were labelled with fluorescein isothiocyanate (FITC), Sigma, SL Louis. 
Bacterial suspensions were diluted to 0.15 ODgoO in blocking buSer and 200!iL was applied 
to the sections, incubated for Ih at room temperature, and washed 6x5n3in (also described in 
Falk, P., Boren, T., Haslam, D., Caparon M.G. (1994). Bacterial Adhesion and Tissue 
Colonization Assays Methods. Cell Biology, 45, 165-192; Boren T., Wadstrom T., Normark 
S., Gordon. J. L, and. Falk P. G. (1997) Methods for the Identification QfH. pylori Host 
Reciters. Meth. Molecular Medicine, 8, 205-224. The ability of giycoconju^tes to inhibit 
the bacterial adherence to human stomach in situ was analysed with Lewis b conjugates in 
10|ig/mL concentration, and the siaiyi-Lewis conjugate used ia 20}ig/mL concsntradon. 
Reduction ia bacterial binding was ^timated by counting the number of adherent bactsia 
under 200X magnification (Fig. 7 A, B, C). Each value is the mean +- SEM of 10 different 
fields. Tne control whrare bactraa were not pre-incubated with glycoconjiagates was defined 
as 100% binding. 

Statistical Analysis of bacterial adhorence in situ and inhibition experiments; A comparison 
between- the two different bacterial strains (CCUG 17875 and double mutant (DM)) and 
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control was performed witli the 'Wlicoxoij/Student T-^ non-parametric test P values below 
0,05 were considered significant Value £ 0,00i(***); Value £ 0,01 (**); Value < 0,05 {*) 

PrsparattoH, psirificatioHi amd identMcatton of gtycosphingollpici receptors 

5 GlycospMagoIipids were isolated and chaxacterized by mass spectrometry, % NMR, 

and degradation studies, as described (Karisson, K--A. (1987). Preparation of totel non-acid 
glycoiipids for overlay analysis of reenters for bacteria and viruses and for other studies. 
Methods EiiZ3mioL 138, 212-220. A H. ^ion-biading glycosphingolipid was isolated from 
human gall bladder adenocarcinoma by tepested chromatography on silicic acid columns of 
10 the native glycosphingolipid fractions, or acetylated derivatives thereof. Mild acid hydrolysis 
was done by incubating the glycosphingoiipids in 1% (v/v) acetic acid for 1 hrat 100°C. 

Negative ion FAB mass spectra were recorded on a JEOL SX-102A mass 
spectrometer (JEOL, Tokyo, Japan). The ions were produced by 6 keV xenon atom 
■bombardment, using triethanolamine as matrix and an accelerating voit^e of -10 kV, 

15 

Aaalyses MM. pyl&ri bmdiag to separated glyoosphiagollpids 

Cultare and 35s4ai>eiling of pylori was as outlined in (Angstrom, J., Teneberg, S., 
Abul Milh, M,. Larsson, T., Leonardsson, L, Olsson, B.-M-, Olwegard Halvarsson, M., 
Danieisson, D., and Karlsson, K.-A. ( 1 998). The lactosylceramide binding specifidty of 

20 Helicobacter pylon. Glycobiology 5, 297-309.). Mixtures of glycosphingoiipids (20-40 

}ig/lane) or pure compounds (0.002-4 }xg/lane) were separated on aluminium-backed silica gel 
60 HPTLC plates (Merdc), using d!loroform:methanolrwater 60:35:8 (v/v/v) as solvoit 
system. Oiemical detection was done with aaisaldehyde (Waidi, D. (1962) SprShreagentien 
Sr die d&mschicht-djromatographie. In Dikmschicht-Chromatographie, E. StaM ed. (Berlin: 

25 Springer- Veri^) pp. 496-51). 

Binding of radiolabellsd H. pylori to glycosphingoiipids on thin-layer 
chromatogi^ms was performed as described above (Angstrom et al., 1998) using suspensions 
of bacteria diluted in phosphate-bufeted saline (PBS), pH 7.3, to 1x1 0^ CFU/ml. The specific 
activities of the suspCTsions.were approximately 1 CPMper lOG H. pylori organisans. Binding 

30 of monoclonal antibodies was done as described (Magnani, J.L., Brockhaus, M., Smith, D.F-, 
Ginsburg, V., Blaszczyk, M., Mitchell, K.F., SteplewsM, Z., and Koprowski, H. (1981). A 
monosialoganglioside is a monoclonal antibody-defined antigen of colon-carcinoma. Science 
212, 55-56). Anti-siaiyl-Lewis x monoclonal antibodies (clone KM-93) were from Seikagaku 
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Corp., Tokyo, Japan and anti-siaiyi-Lswis a monocional antibodies (CA 19-9) from Signet 
Laboratories, inc., Dedliam, MA 02026, USA 

Madio IimisMmo Aaialyses witli Nesjgiycoconjiagate Receptors 
5 The sialyi-alfa2.31^rtose-, siaiyi-aifa2.61ax^ose-, sialyl-Lewis a-, and Lewis b- 

oligosaccharide antigens used for neogiycoconjugate preparations were purified by HPLC, 
stmctsirally identified and characteized with l>iMR-spectroscopy, and more than 95% pure. 
These conjugates were attached to albumin with an APD (acetylpheaylenediamine) spacer 
attached to the carbohydrate by reductive andmation and thus the terminal reducing 

1 0 monosaccharide iinit of the oligosaccharide is reduced and is present as an aminoalditol, 
IsoSep AB, Tullinge, Sweden (T. Borea, P. Falk, K. A. Roth, G. Larson, and S. Normaik, 
Science. 262, 1892 (1993), P. D. Rye, Nature Biotechnology 2, 155 (1996)). The synthesised 
sialyl-Lewis x- tetrasaccharide antigen was conjugated to albumin with the MPE 
(mercaptopropionyl-amidoethyl) -spacer, IsoSep AB. Synthesised sialyl-Lewis x- 

15 tetrasaccharide and sialyi-acetyUactosaminee, both with a either a 3 carbon or 14 carbon 
(extended/hydrophilic) spacer, conjugated to albumin, were obtained from Dextra 
Laboratories, Reading, UK. The RIA (Fig. 4) was performed according to (P. Falk, T. Boren, 
D. Haslam, M. G. Caparon, Meth. Cell Biol 45, 161 (1994)) with minor modifications; the 
glycoconjugates were ^^Sj.iabelled by the CHoramine T method. 1 mi of bacteria (A5oo= 

20 OD 0.10) was incubated with 400 ng of ^25j4abeUed conjugate (that is an escess of receptor 
substrate) for 30 min. in phosphate buffered sahne (PBS), 0.5 % albumin, 0.05 % Tween-20 
(BB-buffer). After csnbifugafioii, the ^^Sj.activity bomd to the bacterial pellet was measured 
by gamma scintillation counting. Binding es^jeriments wore reproducible and performed in 
triplets, in addition, the level of binding-activi-ty within the straio was stabile. 

25 

CoMStnsctifflai of tiie bafo-iS2.iitants 

To make tiae babA deletions, babA including the babaZ i^stream sequence was 
amplified by the F2 (forward) and R39 (reverse) primers and cloned in pBluescript SK 
(Stratagsae, La JoUa). The vector was linearised withR41 and F38. The camR gene (Y. Wang 
30 and D. E. Taylor, Gene 94, 23 (1990)) was ligated between the Augments, and 

strainCCUG17875 was transformed with selection for CamR. The H. pylori transformants 
were anai3^ed for binding to^25j4a|3eiled Le b giycoconjugate and the location of the camR 
gene, and thus the copy mutated, was analyzed by PCR with the upstream primers F2 {babAT) 
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or F44 [babAI) in combination with primer Rl L 

By introductioii of the inactivated babAI -allele into the babAl'-mxiiXznL, the 
babAlAl-douhlt mutant was constructed, in order to select for both inactivated alleles, a 
second resistance maricer KanR was introduced into the second babA-aEeie. 
5 The xssed primers had the following sequaices: 

F2:CTrAAATATCTCCCTATCCC; R39: CAAATACACGCTATAGAGCC; 
R41: GCGAGCCTAAAGTTAATGA; F38: ACGTGGCGAACTTCCAATTC; 
F44: CAGTCAAGCCCAAAGCTATGC; RIl: CGATTTGATAGCCTACGCTTGTG 

10 ' SL jjiybpri adhereaacs to immobilized neoglycoconjiigates, Sn ELISA (Fig. 6) 

Sialyi-Lewis a-PAA, siaiyl-Lewis x-PAA, 3'-HS03-Lewis a-PAA, and 3'- 
HS03-L8wis x-PAA, Le. synthesised siaiylated or sulphated Lewis antigens conjugated to 
polyacrylamide backbone were obtained from Syntesome GmbH, Munchen, Germany. The 
coaj-ugates were added in dilution series of 1 fig, 1 OOng, and 10 ng, in 90|Lii 1% BSA PBS 

15 0.05% Tween, to streptavidin coated microtiter (ELISA) plates (Roche Diagnostics 

Scandinavia AS, Bronma, Sweden). Afier one hour of incubation in room temperature, the 
plate was blocked over night at 4°C, with 500ng biotinylated albumin in SOOjji 1% BSA PBS 
0.005% Tween. CCUG 1 7875 and the babAlA2 double mutant were harvested after 43 hours 
tacubation on blood agar plates (see Bacterial Strains and Growth Conditions), washed once 

20 in 1% BSA in PBS 0.05% Tween, and then resuspended in 1% BSA in PBS 0.05% Tween. A 
final ODfioo was set to 0.5/ ml (5*10* CPU/ ml). 150 yil bacteria was added to each well. Plates 
were incubated for 1 hour in ix)om temperature and then.washed three times in 300|j.l PBS 
0.05% Tween. Adherent bacteria were detected by polyclonal rabbit antisera at a dilution of 
1 :3000, raised a^inst formalin fixed bacteria of strain CCUG 1 7S75 in New Zealand rabbits 

25 (Agrisera AB, Vannasby, Sweden) The antibodies were allowed to incubate in 1% BSA in 

PBS 0.05% Tween for 30 minutes atroom temperature, 150 jol of the suspmsion was added to 
the wells for 1 torn at room temperature The same procedure were performed for the 
secondary and rabbit antibody conjugated to HRP (DAKO, Goat anti rabbit 
immunogioubulms-HRP) at a dilution of 1:1000 after three washes m 300|li1 PBS 0.05% 

30 Tween. After three final washes in 300^ PBS 0.05% Tween, 100 ^1 peroxidase substrate (3.5 
mM H2O2 and 22. mJy£ o-phenylene diamine hydrochloride in 0.05 M sodium citrate 
phosphatase buffex, pH 5.0) was added. After 5 minutes the reaction was stopped by adding 
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25 jii 4 M H2SO4. The products of the horseradish peroxidase reaction were quantified in a 
niicrotiter plate reader at 490 mm 

Affitilsody mMfoMcms of bacterial bimdiiag in situ. 
5 H. pylon CCUG 1 7875 and the babAlA2- -mutant were overlaid on tissue 

sections pre-treated with monocional antibodies and analyzed by m situ adherence. Gastric 
tissue sections were pre-incubated with anti-Lewis b monoclonal antibodies, Immucor, Inc. 
Norcross, OA or anti-sialyl-Lewis x monocional antibodies (clone KM-93), Seikagaku Corp., 
Tokyo, Japan, in a dilution of 1 :100x for one hour. H. pylori was with an ODA600=0,2 was 

10 overlaid as described in (described (P. Falk ei al, Proc. Natl Acad. ScL U.SA., 90, 2035 

(1993)). Excess bacterial cells were removed by 6x5 min washings in (BB)-blocking buffer. . 
Rednction in bacterial binding was estimated by counting the number of adherent bacteria 
•under 200X magnification (Fig. 8). Each value is the mean +- SEM of 10 different fields. The 
control where bacteria were not pre-incubated with giycoconjugates was defined as 100% 

1 5 binding. Statistical Analysis of bacterial adherence in situ and inhibition experiments; A 
comparison between the two different bacterial strains (CCUG17875 and babAlAl-dovblQ 
mutant (DM)) and control was performed with the Wilcoxon/Student T-test non-parametric 
test P values below 0,05 were considered significant. 
Value £ 0,001 (*^*); Value £ 0,01 (**); Value < 0,05 (*) 

20 

Results 

1. H. pylori babA-maitsMt adheres to the gastric tissaie Mdepesademt of tise Lewis b 
asitigeaa 

babA-mntante in strain CCUG 17875 had previously been made by inactivation 
25 of the babAl allele, without phenotypic effect, or by inactivation of the babA2 allele, with 
concomitant loss of the Lewis b antigsu binding properties. The latter results supported the 
results of tile BabA-protein as the Lewis b antigen binding adhesin (D. Ever et al.. Science 
279, 373 (1998)). in the present series of experiments, the babA2 mutant was analyzed for 
binding properties by the in situ adhermce assay. The binding activity in situ was found to be 
30 close to 50% compared to the CCUG 1 7875 wild-type sti^ (by tiie number of adherent 

bacterial cells),and the binding pattern of the mutant looks most similar to die binding pattern 
of theH. pylori CCUG 17875 wild-type (wt) bacteria (data not shown). Since recombination 
in between babA alleles could possible have moved the silent babAl allele into thebafaA2- 
aflele, (by replacement of the CamR cassette), a babAl/babA2-{B. KanR/CamR)-mutant was 
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constructed, where both babA-alleles were inactiYated by recomfaination. However, tie 
binding activity in situ by the babAl/babA2-mm3iit was still found to be close to 50% 
compared to the CCUG 1 7875 wild-type strain (Fig. 7A, by the number of adherent bacterial 
ceils) and the binding pattern of the babAI/bi2bA2~mx&sM looks most similar to the binding 
5 pattern of the H. pylori CCUG 17875 wild-type (wt) bacteria (Fig. 1 B, C). Binding to the 
surface mucus cdls was previously shown to be mediated by the fiicosylated histo-biood 
group antigens, such as the Lewis b antigen (T. Boren et al. Science 1993, 262, 1892). Pre- 
incubation of the K pylori wt-strain with low concentrations (lOjig/mL) of soluble Lewis b 
antigen (IsoSep AB, Tullinge, Sweden) results in an almost total inhibition (80% reduction) in 
1 0 binding (Fig. 1 E and Fig. 7A). In contrast, binding by the babAl/babA2-mmaixt to tiie surface 
mucus cells was not possible to inhibit by soluble Lewis b antigen (Fig. ID), suggesting that 
the ba babAJ/bcd}A2-mxAmt strain has- induced the expression of a complementary 
binding/adhesive property, and subsequent recognition of a distinctly different receptor. 

15 2. Adlagrsnce of the H. pylori babAl/b(ibA2~mMt^M. is dependent on espresslom of 
Ikcssyi transferase im tlie gastric mucosa 

Adherence experiments in situ hyH. pylori wild type and the babAl/babA2- 
mutant were also performed using histo-tissue sections of mouse (FVB/N) and, in addition, 
the. transgenic "Lewis b mouse" gastric mucosa. The "Lewis b mouse" express the alfa 1,3/4 

20 fiiccsyl transferase (alfal ,3/4 FT) in the mouse gastric mucosa, resulting in the expression of 
the (otherwise) human specific Lewis b antigen in the pit and surface mucus ceEs (P.G. Falk 
et al., (1995) PNAS, 92, 151 5). In analogy with previous data (P.G. Faik et al, (1995) PNAS, 
92, 1515). the H. pylori wt-bacteria bind poorly to normal mouse gastric mucosa in situ, while 
binding is efScient to the "Lewis b mouse" gastric mucosa, ie. to the surface mucus ceils (Fig 

25 2 C, E). The new results demonstrate that the bahAl/babA2-mutaiit bacteria behave very 
similar, Le. there is an efficient £?inding activity induced by the healthy "Lewis b mouse" 
gastric mucosa i.e. to the surfece mucus cells (Fig. 2 D). In contrast, binding by the 
babAl/babA2-miitaxit to non-transgenic mouse is poor and limited to the most upper layer, 
most likely to the mucins in the protective mucus (Fig 2 B). These results suggest that the 

. 30 receptor utilised by the babAJ/babA2-mutant is dependent of the additional alfe- 1 .3/4-fucose 
residue, added by the power of the human-specific fucosyi-transferase activity of the "Lewis b 
mouse". 



wo 00/56343 - ?CT/SE0G/00Si4 

15 

3, The bahAI/babA2-imitmkt desmosastrate acuity for limimji speciBc siaiyiated 
giyssspMssgoJiplds, ie^ for gamgilosides 

Screening of poteadai receptor structures uaique for 1hebabAl/babA2-mutSDt 
was perfoimed by adherence es^sMiments to well-defined panels of MS-ciiaractsrized 
5 giycoiipids, from defined and unique sources and tissues. Binding of pylori and 
monocional antibodi^ to glycosphingo-Iipids was evaluated using the tiiin-iayer 
cbromatogram binding assay (J. Angstrom et al., Glycobiology 8, 297 (1998);. J. M. 
McKibfain et al., J. BioL Chem. 257,755 (1982)), i.e., giyco-lipids were separated on HPTLC- 
plates, and E. pylori CCUG 17875 wild type bacteria and the babAI/babA2'mutant were 

1 0 o verlaid on titie plates and binding of radio labelled bacterial cells was detected. (See 

Experimental procedifres). Foior K pylori strains were tested; CCUG 1 7874 which binds to 
giycosphingolipids in a sialic acid-dependent maimer, but does not recognize the Le^ epitope 
(D. nver et al.. Science 279, 373 (1998); Mffler-Podraza, H.; Abul Milh, M., Teneberg, S., 
and Karisson, K.-A. (1997) Binding of Helicobacter pylori to sialic acid-containing 

15 giycoiipids of various origios separated on thin-layer chromatograms. Infect, hnmun. 63, 

2480- 2482), the Lewis b-binding strain CCUG 17875, which is devoid of sialic acid binding 
capacity (Ever et ai., 1998; Miller-Podraza et al., 1997), the £!a£>^-miitant and the babAlA2- 
mutanL The results from Fig. 3 axe summarised in Table L 

The babAl mutant and the babAlAl mutant differed from the parent strain 

20 CCUG 17875 in two respects. Unlike the 17875 straiB, the babA2 mutant and the bahAlA2 
mutant did not recognize the Lewis b-6 glycosphingolipid (Fig. 3E, lane 9), i.e. the expected 
behaviour of the &(3ij/4-mutants. Instead, another binding capacity has emerged, manifested by 
the binding of these mutant strains to slow-migrating acid giycosphingolipids of human 
neutrophil granulocytes and human gall bladder adenocarcinoma (Fig. 3E, lanes 2 and 4) in a 

25 manner that was indistinguishabie from the binding pattern obtained with strain CCUG 
17874. The binding of the babA2 mutant, the bdbAlA2 mutant, and CCUG 1 7874 was 
abrogated by the removal of sialic acid by mild add hydrolysis (See Experimental protocol) 
(Fig. 3, lanes 3 and 5), demonstrating the involvement of siaiyiated structures in the binding 
process. However, no binding to the ganglio-series gangliosides of calf brain was obtained 

30 (lane 1, and Table 1, Nos. 1-4), suggesting the involvement of additional structures for a Mi 
receptor epitope, since the presence of sialic acid per se was not aaough to support bacterial 
binding. 

In conclusion, specific binding by the babAIAl mutant was restricted to 
siaiyiated (acidic) giycoiipids from human sources, such as from granulocytes. In contrast. 
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there was no binding by the H. pylori wt-strain, an4 in Edition, no binding by the babAlAl 
mutant was detected after ds-sialyiation, or to sialyiated giycolipids from non-human sources. 

The gangiiosides of human neutrophil gramilocytes have been thoroughly 
characterized (Fukuda, M.isr., Dell, A., Gates, J.E., Wu, P., Klock, J. C, and Fukada, M. 
5 (1985). Structures of glycosphingolipids isolated from human granulocytes. J. Biol. Chen. 
26Q, 1067-1082; Stroud, M.R., Handa, SL, Salyan, M,E.K., Ito, K., Leveiy, S3., Hakomoii, 
S.-i., Reinhoid, B.B., and Reinhold, VJST. - (1996a). Monosialogangiiosides of human 
myeiogeaous leukemia HL60 ceils and normal human leukocytes. 1 . Separation of E-seiectin 
binding from non-binding gangiiosides, and absmce of sialosyl-Lewis x having tetraosyl to 

10 octaosyl core. Biochemistry 25, 758-769; Stroud, MIL, Handa, K., Salyan, M.EJL, Ito, KL, 
Levery, S.B., Hakomori, S.-L, Reinhoid, B.B., and Reinhoid, V.N. (1996b). 
Monosialogangiiosides of human myelogenous leukemia HL60 cells and normal human 
leukocytes. 2. Characterisation of E-selectin binding fractions, and structural requirements for 
physioiogicai binding to E-selectin. Biochemistry 35, 110-11%; Muthing, I, Spanbroek, R., 

15 Peter-Kataiimc, J., Haiiisda, F.-G., HansM, C, Hasegawa, A., Uniand, F., Leimiaim, J., 

Tschesche, H., and Egge, H. (1996). Isolation and structural characterisation of fricosylated 
gangiiosides with linear poly-N-acetyDactosamineyl chains from human granulocytes. 
Glycobiology 6, 147-156). The main components are the GM3 gangiioside and 
siaiylneolactotetraosylceramide. The larger gangiiosides are based on repetitive iV- 

20 acetyllactosaminee units, and in many cases cany Fuc(alfa)-residues linked to the 3-position 
of GlcNAc. In addition, NeuAc may be alfaS- or alfa6- linked to the terminal Gal of neolacto- 
tetraosylceramide and the longer glycospiiingolipids with repetitive iV^acetyilactosaniinee 
units. Gan^osides with repetitive iV-actyilactosaminee core substituted with fucose residues 
have also been described in human adenocarcinomas (Hakomoii, S.-i. (1989) General concept 

25 of tumour-associated carbohydrate aiitigeas: their chemical, physical and enzymatic basis. In 
Gangiiosides and Cancer, H-F. Oettgen, ed. (New York: VCH Publishers) pp. 57-63). 

The results from the in siiu adherence- and inhibition- experiments, ia 
combination with the HPTLC bacterial overlay assay, suggest the babAlAl mutant receptor to 
be sialyiated, and in addition, dependent on alfa-L3/4-fucose residiie(s), ie. much similar to 

30 the well-known seiectin-receptors and tumour markers, the sialyl-Lewis x and siaiyl-Lewis a- 
antigens (J. Sakamoto at aL, Cancer Res., 49, 745 (1989)., Takada et aL, Cancer Res., 53, 354 
(1993), Amado et aL, Gastroenterology, 1 14, 462, 1998). However, in the HPTLC overlay 
experiments, almost no binding was detected to purified sialyl-Lewis a ^ycolipid. 
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4. TJae racsptor spedEdty, affimty amid prevaiemcs of M. pylori for siaiylated rscsptors 

The detailed receptor specificity was anaiyzed by binding experiments to radio 
labelled semi-synthetic glycoproteins (i.e. neo-giyco-conjiigates).These were either made 
from natural/praified or synthesised siaiylated oligosaccharides conjugated to human serum 
5 albumin (Fig. 4). interestingiy, the binding experiments demonstrated a high binding capacity 
to siaiyl-Lewis X for both the BabA2 mutant, the babAlA2 mutant and by the H. pylori 
CCUG 17875 and CCUG 17874 wild-type bacteria. Binding by the wild-type is reproducible 
approx- 30% reduced, compared to the mutant (Fig. 4), suggesting eilier a down regulation in 
expression of the corresponding adhesin or stericai hindrance in presentation or binding 

10 . aetivity. In addition, alfa2.31actoseamiEe with a 14 carbon spacer linked to the albumin core 
demonstrated ratho: efficient binding, while the equivalent structure linked by a shorter, 3 
carbon spacer, is much reduced in bindiag. The improved binding by the longer spacer, 
suggest the importance of steiic flexibility in correct receptor presentation for optimal 
interaction with the bacterial adhesin. Poor bindiag was also demonstrated by the related 

15 sialyi-alfe231actose-, sialyi-aifa2,61actose-, and sialyi-Lewis a- antigens. 

Nevertheless, the terminal alfa 2.3 linked sialic acid residue is crucial for 
receptor activity. Binding experiments with the closely related Lewis y pentasacharide antigen 
did not detect any binding activity (Fig. 4), pointing to the involvement of the siaiylated 
terminal for correct formation of the receptor epitope, 

20 In Fig. 4 several combinations of adherence properties are exemplified. The 

CCUG 17875 strain is subsequently competent for interaction with both the soluble Lewis b 
antigen and the sialyl-Lewis x antigen, while the CCUG 17874 strain (another clinical wild- 
type isolate and, in addition, type strain), is restricted to siaiyl-Lewis x antigen binding, i.e. 
similar to fee babA2 mutant and the habAlA2 mutant. Interestingly, both the MO 19 strain and 

25 the HP 26695 strain (genomicaily sequenced by the TIGR-institute) (J-F. Tomb et al., Namre 
3S§, 539 (1997)) are devoid of both binding properties. 

The earlier determination of affinity, reported in SE 9901 007-6 by the same 
inventors involved a sialyl-Lswis X antigen less suited for Scatchaid affinity analyses. The 
present inv^tors have therefor, during the priority year, anal3^ed fee affinities of the 

30 babAIAl-mutssit for siaiylated conjugates according to Scatchard (see Table 2) (Scatchard, 
A.G. (1949) The attractions of proteins for small molecules and ions. Ann. N.Y. Acad. Sci. 
5i, 660-672.). The babAlA2-mMtsxxt demonstrated the high afSnity of IxlO^M"^ for the sialyl- 
Lewis X antigen. The repetitive sialyl-Lewis x antigen was synthesized and confer the high 
affinity of 2xlO^M"\ The oligosaccharide part of the repetitive sialyi-Lewis x antigen 
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conjugate was synthesized oizymatically from lactose, using the appropriate giycosyi 
transferases and nucleotide sugars (M Barstrom, M Bengtsson, O Blixt, and TNorberg: "New 
lipophilic derivatives of reducing oligosaccharides and their use in enzymatic reactions: 
efficient synthesis of sialyl lewis a and sialyl dimeric lewis x glycoconjugates", Submitted to 
5 Caibohydrate Res., 2000). 

Conjugation to Human. Serum Albumin was carried out by the isothaocyanate 
procedure (E Kallin, H Lomi, T. Nofberg: "New derivatization and s^aration procedures for 
reducing oligosaccharides", Glycoconjugate J. 3, (1986) 31 1-319). An average substitution 
degree of 1 1 haptens/HS A molecule was obtained, according to MALDI-TOF mass 

1 0 spectroscopy, in contrast, sialyi(alfa)231actose, i.e., the equivalent core structore devoid of 
fiicose residues, demonstrate the 20-fold lower affinity of 1x1 O^M"^ For the babAIA2-mut3nt, 
close to 1000 binding sites for the siaiyl-Lewis x conjugate was foimd, i.e. similar to the 
number of binding sites for the Lewis h antigen receptor (Hver, D., Amqvist, A, Ogren, J., 
Frick, LM., Kersuiyte, D., InceciJc, E.T., Berg, D.E., Covacci, A., Engstran4 L. and Boren, T. 

1 5 (199§) Helicobacter pylori adhesin binding fecosylated histo-blood group antigens revealed 
by retagging. Science 279, 212-311.). ' 

In order to investigate the importance of the sialic acid residue for the formation of the 
bacterial binding site, the di-fiicosyiated Lewis y penta-saccharide antigen where the siaHc 
acid residue is replaced with an aifal,2fucose residue (Table 3) (Behar, V. and Danishefeky, 

20 SJ. (1994) A highly conveargent synthesis of the Lewis y blood groiq> determinant in 
conjugatable form, Angew. Chem. Int. Ed. Engl. 33., 1468-1470), and the sialyi-alfa 2,6 
lactose conjugate were analyzed, but did not demonstrate any binding activity (data not 
shown). The combined results point to the strict requirement for the aifa 2,3 linked sialic acid 
i^due as a critical component in formation of the sialyl-Lewis x type of receptor determinant 

25 xotH. pylori in combination with the repetitive Le x antigen. 

The prevalence of sialyl-Lewis x antigen binding activity was assessed among 
91 Swedish clinical K pylori isolates and 44%, that is 40 isolates, bound the 
neogiycoconjixgate antigen. None of the reference strains (Fig. 4A), nor any of the 91 ciinical 
isolates, bound to the related Lewis y penta saccharide antigen (data not shown). These results 

30 provide svidencs for the prevalence of the new sialyl-based Lewis x receptor also in naiiural 
clinical isolates. In addition, 14 out of 91 strains, i.e. 15%, demonstrate binding to the sialyl- 
Lewis a antigen. Interactions with the sialyl-Lewis a antigen is extremely intriguing 
considering sialyl-Lewis a as an established tumour antigen (especially in relation to H. pylori 
as a possible carcinogen). la case of ceil transformation, and emergence of tumour makers 
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such as siaiyl-Lewis a, H. pylori might possibly have an addition^ receptors candidate 
available. 

5. Freparatlom wA Mesatlflcatioiii of MgM alSnity M. pylori gaagiioside receptors 
5 The interest of the present inventors was thus directed towards fecosyiated 

neoiactoseries gangiiosides. Fucosyiated sialyiated lactosamine structures are created by 
expression of alfai,3/(4) fucosyltransferase activities capable of modifying accqjtors 
containing alfa(2^) sialic acid-substituted lactosamineoglycans, such as Lewis x, 
GalBl .4(FucaIfal .3)-GlcNAcBl -R (where R is a protein or odier carbohydrate structure). The 

1 0 Lewis X antigKi is a common trisaccharide striKture, which forms the core of this sialyiated 
structure, resulting in sialyl-Lewis x, i.e. NeuAcalfa2.3GaJJ L4(Fucaifel)GlcNAc-R.' Anotber 
possible structure would be difecosyiated sialyl Lewis x, a longer poiy&cosylated 
polylactosamineogiycan, or similar derivatives. The number of fucose-residues in the core 
chain might aifect the afSnity and aid in the stabilisation of the receptor-Hgand 

15 complex/interaction. This interest was further increased by the finding that a binding pattern 
ahnost parallel to the pattern of strains' CCUG 17874 and the mutant strains was obtained with 
monoclonal antibodies directed against sialyl-Lewis x (Fig 3, B). The optimal receptor coxdd 
be of more complex type, as suggested by the slower migrating giycolipid bands that 
demonstrate hi^- affinity i^eptor properties in the HPTLC-overlay analyses (Lanes 2 and 4), 

20 A H. jjy/on-binding and anti-sialyl-Lewis x-reactive glycosphingolipid was 

isolated from the human gall bladder adenocarcinoma (Fig. 3, lane 6), and characterized by 
negative ion FAB mass spectrometry and NMR as NsuAcHex(Fuc)HexNAcHex- 
CFuc)HexNAcHexHex with sphingosiae and non-hydroxy 16:0 fatty acid (Fig. 5). Taken 
together with the anti-sialyl-Lewis x-binding activity a NeuAcix3Galp4(Fuca3)GlcNAcP3- 

25 Gaip4(Fuca3)GlcNAc63Gal|34Glcj31Ca: compotmd was suggested, Le, a ganglioside with 
repetitive Lewis x core, previously described in human colomc adenocarcinoma (Fukushi, Y., 
Nudelmian, E., Levsry, S.B., Hakomori, S.-i., and Rauvala, H. (1984). Novel fucolipids 
accumulating in human adenocardnoma. IH. A hybridoma antibody (FH6) defining a human 
cancer-associated diiucoganglioside (Vl^NeuAcV^in^FucatiLcg). J. Biol. Chem. 259, 

30 10511-10517). The binding-active compound was thus a gangiioside with repetitive Lewis x 
core (Fig. 5). 

While almost no bindiag to sialyl-Lswis a hexagiycosylceramide (Fig. 3, lane 7) 
was obtained, a weak binding of the CCUG 17874 strain, the BabA2 mutant and the 
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BabAlA2 mutant to sialyl-Lewis x hexaglycosyiceramide (lane 8) was occasionally observed. 
However, tHs binding ^eq^n^ed 2 mnol, while fee detection level for 
NenAca3Gaip4(Fuca3)GlcNAcp3-Galp4<Fuca3)GlcNAc^3Gaip4Glcj31Cerwas 
approximately 1 pmol, 

5 The distinct difference in affinity argue for that the monomeric sialyl-Lewis x 

ganglioside exhibit features required fer bacterial binding, while the dnnesric or repetitive 
form is optimised in its presentation of the tsminal sialic acid epitope. 

At this stage an open question if the increased binding activity is dependent on 
the repetitive Lewis x eionent, or due to the longer carbohydrate chain giving optimal 
1 0 exposure of the binding epitope, as has been described for monoclonal anti-sialyl-Lewis x 
antibodies (Miithing, J., Spanbroek, R., Peter-Katalinic, J., Hardsch, F.-G., Hanski, C, 
Hasegawa, A, Uniand, F., Lehmann, J., Tschesche, H., and Egge, H. (1996). Isolation and 
structural characterisation of fucosylated gangliosides "with linear poly-N-acetyliactosamineyl 
chains from human granulocytes. Glycobiology 6, 147-156). 

15 

6. Tke rscsptcsr specificity of M. p^imi for. sialylated receptors m. ELISA 

Since the E. pylori wild-type bacteria demonstrate binding to soluble sialyl- 
Lewis X antigen (Fig. 4), in contrast to the binding patterns as analyzed by the HPTLC 
binding assays (Fig. 3), there might be" an intricate situation where the preseace of the BabA- 

20 adhesin, such as in the wild type strain, could sterically interf^e with binding to the sialyl- 
Lewis X antigen in solid phase, i.e. to the ceU surfeces in vivo. 

An ELISA assay was constructed where bactoiai binding was analysed to 
immo bilised sialyiated or sulphated Lewis x antigens. For these experiments, the Lewis b 
antigen was used as the controL laterestingiy, the babAlA2 mutant binds much more 

25 efficiently to the immobilised sialyiated receptor compared to the wild type strain, Le. similar 
to the results gained from the HPTLC binding analyses. In contrast, binding by the wfld type 
strain to the Lewis b antigen is most efficient, and subsequmtly completely lost in the 
babAlA2 mutant. The drastic difference in blading results for soiiible vs:sus immobilized 
sialyiated structures, is suggestive of a situation where interaction with sialyiated mucin 

30 moiecules in the gastric mucus layer (lining the epithelial cells), might be compatible with the 
binding behaviour of the CCUG 17875 wild type, while tight interaction with cell suEfe,ce 
immobilized or presented receptors might be confined to the babAlAl mutant This would 
subsequently be a situation most similar to the binding pattern of strain CCUG 17874, where 
lack of the BabA-adhesin, by down regulation or phase shifting, in order to ad^t to variations 
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in the local giycosyiation patterns, and in efficient binding to sialylated receptors (Fig 3). In 
these analyses, a weak interaction with the sialyl-Lewis a antigen is also detected by strain 
CCUG 17875. However, the difierencs in binding is close to 100-fold lower compared to 
siaiyl-Lewis s antigen. In addition, suiphated derivatives of the Lewis x/a antigens has been 
demonstrated as efficient selectin-receptors (C.T. Yuen et aL, J. Biol Chem., 269, 1598, 
(1994); Brandley etal, Gfycobiology, 3, 663 (1993). 3'HS03Lewis a- and 3'HS03Lewis x - 
antigen conjugates were analyzed for bacterial binding in ELISA. However, no binding above 
background was detected suggesting a strict requirement for terminal alfa2.3 linked sialic acid 
in the receptor epitope, in contrast to the receptor /carbohydrate binding domains of the 
sdectin proteins (Fig, 6). 

1. Adkerefflce of the H. pylori babAl/babA2-nmtmxt Is mMbited by tke sMyl-Lewis s 

in order to demonstrate that the receptor activity for the babAl/babA2-mv&mt 
observed in the in situ adherence experiments by human gastric mucosa (Fig. 1 B, C) and, in 
addition, by the transgenic "Lewis b" mouse gastric mucosa (Fig. 2 D, E), is dependent on the 
sialyi-Lewis x antigen (Fig. 3, 4, 5, 6), the present inventors performed inhibition of 
adherence experiment in situ. Similar to the previous iiihibition experiments with soluble 
Lewis B neogiyco-conjugates (Fig. 1, D, E), the inventors pre-incubated the H, pylori wild 
type strain (CCUG 17875) and the babA2/babA2~mviiz^t bacteria, with the siaiyl-Lewis x 
conjugate, before analyses of bacterial binding in situ to both human gastric mucosa and to 
the "Lewis b" mouse gastric mucosa. Most interestingly, the inhibition experiments with 
sialyi-Lewis x almost completely prevented binding by babA-mutant bacteria (95% 
reduction), in both human (Fig. IF and 7A) and "Lewis b" mouse (Fig. 2F and 7C) gastric 
mucosa. In contrast, the sialyl-Lewis x inhibition experiments with the H. pylori wild-type 
bacteria to human gastric mucosa results in no reduction in bindii^ (Fig. I G and 7A). 

However, a slight reduction in binding of approx. 35%, was observed with the 
H. pylori wild-type bacteria to the "Lewis b" mouse gastric mucosa (Fig. 2G and 7C). 
These experiments suggest that the mutant has fhnctionaily induced the binding properties of 
an adhssin protein that is specific for sialyi-Lewis x antigens, i.e. yet another human specific 
antigen. Tne slight difference in binding pattern in between the human and transgenic tissues, 
suggest that the proportions of expressed Lewis b and sialyl-Lewis x antigens are rather 
different compared to human gastiic mucosa The humanised glycosylation pattern of the 
"Lewis b" mouse is driven by a truncated rat intestinal fatty acid binding gene promoter 
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(Fabpi) (P.G. Falk et al, (1995) PNAS, 92, 1515). In contrast, the giycosylation pattern of the 
hmnan gastric mucosa/host is shaped and modulated by factors generated by the chrome 
iT s fl a- m Tnation process, such as cytokises and ceil differentiation modulating signal molecules 
and, in addition, difforeaces due to inflammation stimuli, such as cytokines, are most likely to 
be expected. 

8. Receptor epitopes for tiae babAl/babAl-mmtmkt bacteria are recognised hy a 
monsclonai antibody to tiae siaiyl-Lewls x aattgeii. 

The inhibition results with soluble receptor conjugates demonstrate that most of 
the binding by tiie babAl/babAl-mutsnt is mediated by the sialyl-Lewis x antigen. However, 
the results from the HPTLC-binding analyses (Fig. 3) suggest that sialyl-Lewis x derivatives 
with higher molecular weight, possible of repetitive/dimeric nature are less weU recognises by 
the monoclonal antibody. Hie present inventors have subsequently analyzed the effect on 
inhibition of bacterial adherence in siiu, to human gastric mucosa, by monoclonal antibodies 
to fee siaiyi-Leisds x, antigen and to the Lewis b antigen (Fig. 8). Pre-incubation of the tissue 
by the sialyi-Lewis x Mab results in a 40% reduction in binding by ihebabAl/babA2-mc£tsat 
compared to no significant reduction in binding by the wild type stram (Fig. 8). In 
comparison, the Lewis b antigen MAb results m 78% reduction in binding by the wild type 
strain, while adherence of the babAl/babA2-mufsnt strain was unaffected. The 40 % 
reduction in binding is convincingly efficient, yet suggest that the monoclonal sialyi-Lewis x 
antibody demonstrate a more restricted binding specificity compared to ihsbabAl/babA2- 
mutant These results are in analogy with the HPTLC-binding results (Fig. 3), where the 
dimeric sialyl-Lewis x giycolipid/antigen exhibit higher receptor affinity compared to the 
monomelic shorter carbohydrate structure. 

9, Expression of t&e sialyl-Lewis x asatigen amd receptors for the babAl/babA2~m&tsm.t m 
gastric mucosa 

The sialyl-Lewis s antigen seems to be a binding specificity utilised by normal 
cliiHGai isolates and most likely highly complementary to the previously described Lewis b 
antigen receptor. Bodi reciters arealfa-1.3/4-fticosyiated and deSned as human (primate) 
specific antigens. The imique alfa-L3/4-fi2cosyktion q?H. pylon receptors, mi^t 
subsequently explain H. pylori as a human (primate) specific pathogen. The diSereace in 
terminal substitution, in between these two groups of fiicosylated blood group related antigens 
is extremely interesting, since it relates to distinct difiereaces in the epifeeliai expression 
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patterns of giycosyiation. However, the adiilt healthy human stomach is considered low in 
siaiylated structures, and the presence of siaiyi-Lewis x antigens as H. pyion receptors would 
not appear all that obvious. Nevertheless, increased sialylation levels are most often 
associated with conditions of inflammation and/or malignant transformation, i.e. cellular 
states associated with the chronic H. pylori infections process. 

In order to investigate the possible relation m between gastric inflammation 
conditions and expression of K pylori sialyi-Lewis x antigen receptois, the present mventors 
have screened gastric pinch-biopsies (Le. very small biopsies) from 20 individuals. The 
present inventors found ahnost no sialyl-Lewis x dependent binding by the babAl/babA2~ 
mutant in 10 of the individual pinch-biopsies in situ, low and scattered binding ia 7 of 
individuals, and good binding in biopsies of 3 individuals. However, these pinch-biopsies 
were obtained firom routine screening of patients and almost all of these patients were without 
serious symptoms. One of the three high binding pinch-biopsies was chosen for the 
experiments in Fig. 1 and Fig. 7A. Six of the pinch-biopsies described above were evaluated 
for "level of mflammatory ceH infiltration". The (four) sections that confer low or modest 
binding of the babAl/babAZ-mv^t were found to be of "low infiammatoiy cell infiltration", 
as fflustrated by the in situ adherence analyses of biopsy no. 9 (Pig. 7B), where binding by fee 
babAl/habAl-xmxt^t is much reduced. In contrast, the two biopsies that confer good binding 
by tie babAl/babA2-ximimt were of "moderate level of inflammatory cell infiltration". This is 
in exemplified by biopsy no. 12 (Fig 7A). These results suggest a correlation between binding 
by the babAl/babA2-Tmxtsnt and the degree of inflarmnatory cell infiltration ia the gastric 
tissue/level of infiarmnation response. 

It is of course difficult, based on these results to define when or where the sialyi- 
Lewis X receptors will emerge, but the present inventors suggest that it might be during the 
process of cbronic atrophic gastritis, when simultaneously the mucus layer geis thinner and it 
might be beneficial for the bacteria to adhere more tightly to the cells, m order to avoid the 
acidic aivironmeat. 

Based on the results, thej^ might be the situation where H. pylori is targeted to 
the surface epithelial lining/gastric pit region, by adherence mediated by the Lewis b antigens. 
Dming the chronic infection and inflammation process, the epithelial cells will response by 
ijp-regulation of the sialylation levels. This event/process then provides a second receptor 
level i.e. a consecutive or two-step mechanism for the microbial attachment process, and 
adhesion to the siaiyl-Lewis x antigens, in the gastiic pit region. A 2-step dependent 
mechanism for adhesion couid be of great importance for the microbe, if initial targeting to 
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the sur&ce mucus ceils is mediated by the Lewis b antigens, followed by an iatimate contact 
with the cellular membrane mediated by siaiyiated glycolipids. 

A stepwise attaciment mechanism mi^t be extremely lasefiil for the microbes, 
and could by triggering the infectious process ioduce a second, level of cellular receptor 
5 espression, in order to promote adherence. Such mechanisms would direct them to a slightly 
shifted ecological niche during the chronic inflammation process, and subsequently driving 
the i n f la m mation process further to development of acid peptic disease and/or malignaTit 
transformation. Another possible explanation might be to avoid, initial intaraction with 
siaiyiated inflammatory cells such as PMN-cells/granuiocytes. Lectin mediated interaction 

10 with neutrophils has been d^onstrated to activate oxidative bursts reactions (D. Danieisson, 
et al., Scand-J-Gastroenterol, 1994, 29, 2, 128-32). The receptor for such mechanisms has not 
been identified yet, but considering that human granulocytes are often used as model ceils for 
sialyi-Lewis x antigen based selectin-interactions/adhereace studies, there is a definite 
possibility that reactive interactions with granulocytes might be triggered by the interaction 

15 with siaiyl-Lewis x antigeaa/receptor. 

Much of the present experimsital results and understanding has been made 
possfole due to the bindings results generated by the ^£z£?./ii^-"double"mutant (DM), 
previously defined by the inventors. Since the double-mutant is devoid of all Lewis b antigen 
Irinding properties, the specific binding by siaiyl-Lewis x antigens in the gastric pit region 

20 could be demonstrated. The presmce of the BabA adhesin (i.e. the wild-type) seems to 
somehow sterically interfere and prevent binding by the siaiyl-Lewis x antigen in situ, as 
revealed by the present results of binding experimoats in solid phase to siaiyiated receptors on 
HPLTC-plates and in ELISA. 

The present inventors have demonstrated surprising siaiyl-Lewis x antigen 

25 dependent binding modes, as a consequence of the gastric tissue inflammation response. Such 
signaiiing might be key-events for the H. pylori- ciironic infection cycle, supporting the 
chronic inflammation response and development of acid peptic diseasa^gastric cancer. 

Although the invention has been described with regard to its preferred 
embodiments, which constitute the best mode presently known to the inventors, it should be 

30 understood that various changes and modifications as would be obvious to one having the 

ordinary skill in this art may be made without departing from the scope of the invention which 
is set forth in the claims appended hereto. 
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No. 



2. Ssmmary of rss^sits from biadimg <%f Selicobacter pylori t® 
giycospJsiagoIlpMs om tliiii-layer daromatograms 

Name Descriptioii 1 2 



2. 
3. 



Lewis b Fiaca2Gaip3GlcNAcp3GaIj34GlcplCer +3 
Fiscal 

GM3 NeaiAca3Galp4G2cplCer 

GMl Gaij33GalNAcp4Gaip4GicpiCer 
3 

NeiiAca2 

4. GDla NeiaAca3Gaip3GaiNAcp4Gaip4Glc^lCer 

3 

5. GDlb Galp3Ga]NAc|34Gaip4GicplCer 

3 

Ne?iAs:aSNesiAsa2 

6. sidyl-Lewis a NeHAca3Gaip3GlcNAcp3Gaip4Glc§lCer 

■4 

Fucal 

7. siaiyl-Lewis s Nei2Aca3Galp4GlcNAcp3Galp4GlcpiCer 

3 

Fiacal 

8. repetlttve s-Lewis x NsuAca3Gai|34GicNAc|33Gaip4GlcNAcp3Galp4GlcpiCer 

3 3 - +3 Human gall bladder 

Fncal Fiical 



Hianaa small 
intestme 



Calf brain 



Calfbrasn 



Calf brain 



Calf brain 



Human gall bladder 
carcinoma 



(+) Synthetic from 
Symbicom Lfai. 



1. Binding obtained witk strain CCUG 17875. 2. Binding obtained with strain CCUG 17874, 
the habAl mutant and the babAIAl mutant Bindmg is defined as foEows: +3 denotes a 
signincant darkening on the airioradiogram when 1 pmoi of structure was ^plied on the thin- 
layer plate; + denotes a daiiamag at 2 mnoi; (-f) an occasional darkening at "2 nmol; while - 
denotes no daikeaing even at 2 nmol. 
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Table 3. Glycoconjagates used im tim stady 

No. Name D^criptioii 



1. 



Lewis a 

S'-sulfate-Lswis a 
Lewis X 

3 '-stiifate-Lewis x 

Lewis, y 

3 '-siaiyilactose 

6'-siaiyIlactose 

3 '-siaiyi-iV'-acetyllactosaDiin.e 

VIM-2 



Gaii33GlcNAcp3Gaip4Glc 
4 

Facal 

HS03-3Gaip3GlcNAcp3Galp4Glc 
4 

Fucal 

Gaip4GlcNAcp3Gaip4Glc 
3 

Fmcal 

HS03-3Galp4GlcNAc§3Gaip4Glc 
3 

Facal 

Fiica2Gaip4GlcNAcP3GaI 
3 

Fmcal 

Nesi5Aca3Gaip4Gic 

Ne925Aca6Galp4Glc 

Nem5Aca3Galp4GlcNAc 

NeiaAca3Gaip4GlcNAcp3Gaip4GicNAc^3Gaip4Glc|31C 
3 
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1. Use of fucosyiated sialyiated N-acetyi iactosajniiie structures and/or sialyi- 
Lewis antigea carbohydrate structure for the preparation of a pharmaceaticai composition for 

5 the treatment or prophylaxis in hinnans of conditions involving infection by Helicobacter 
pylori and related pathogens of the human gastrointestinai mucosa. 

2. Use according to claim 1, in which the sialyl-Lewis antigen carbohydrate 
structure is enable of binding to adhesins present on the surfece of JJ. pylori. 

3. Use according to claim 1 or 2, in which the sialyl-Lewis antigea carbohydrate 
1 0 stmctioe is capable of inhibiting or sxibstantially reducing the adhesion of H. pylori tx) 

epithelial cells of a histological section of human gastrointestinal mucosa. 

4. Use according to any one of claims 1 - 3, in which the sialyl-Lewis antigea is 
chosen among sialyl-Lewis x and sialyl-Lewis a. 

5. Use according to any one of claims I — 3, in which the sialyl-Lewis ajatigea is 
15 diosea among dimeric or repetitivs sialyl-Lewis s. and dimeric or repetitive sialyi-Lewis a. 

6. Use according to any one of claims 1 — 5, in which the conditions involving 
gastrointestinai infection by H. pylori comprise gastritis, chronic active gastritis, gastric 
\iica:s, duodenal ulcers, gastric adenocarcinoma, and gastric lymphoma. 

7. Use according to any of the claims - 1-6, in which the sialyl-Lewis antigen 
20 catbohydxate structure is bound to an inert substrate, preferably for long term release ia the 

gastrointestinai tract 

S. Method for treating and/or preventing diseases in humans caused by infection 
by H. pylori of human gastric mucosa, said method comprising administering to a human 
parient in need thereof an effective amount of a fiicosylated N-acetyl lactosamine 
25 carbohydrate structure, such as a sialyl-Lewis antigea carbohydrate structure. 

9. A method according to claim S, in which the sialyl-Lewis antigen 
carbohydrate structui^ is capable of binding to adhesins present on the sijrfece ofH. pylori. 

1 0. A method according to claim 8 or 9, in which the sial3/l -Lewis antigea 
carbohydrate structure is capable of inhibiting or substantially reducing the adhesion of iif. 

30 pylori to epithelial cells of a histological section of human gastric mucosa. 

11 . A method according to any one of claims 8 — 10, in which the sialyi-Lewis 
antigea is chosen among sialyi-Lewis s and sialyi-Lewis a. 
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12. A method according to any one of claims 8 - 10, in which the siaiyl-Lswis 
antigea is chosen among dimeric or repetitive sialyl-Lewis x and dimeric or repetitive sialyi- 
Lewisa. 

13. Use of antibodies to a fucosylated siaiylatsd N-acetyl lactosamine structure 
5 and/or siaiyi-Lewis x carbohydrate stracture for inhibiting the adherence of K pylori. 

14. Method for treating and/or preventing diseases in humans caused by 
infection by H. pylori of Imman gastric mucosa, said method comprising adms33istering to a 
human patient in need thereof an efiective amount of antibodies to a fucosyiated sialyiated N- 
acetyl iactosamine structure, such as a siaiyl-Lewis x caibohydrate structure. 



wo m/5€343 



1 / 10 



09/937110 

fCTJSEmmsu 




0°/ 9371 10 




WOM/S6343 



3 / 10 



09/957110 

?CT/SE00/6@S14 




SyBSTlTOTH SHEET (HULH 2S) 



wo S0/S6343 



4 / 10 



09/937110 

?CT/SS00/QGSi4 




wo OQ/56343 



5 / 10 



09/937110 

FCT/SEGW0Si4 




wo S0/56343 



6 / 10 



09/937110 

FC7/SESC5/00514 




SyBSTmjTS SHEET (HULS 2S) 



wo««. 09/9371 10 

PCT/SSG0/0OS14 





wo 00/56343 



8 / 10 



09/937110 

FCT/SEm/msu 




09/937 1 1 n 

PCT/^EO0/OOS14 

9/10 




PATENT 
Docket No. 514862000100 



DECLARATION FOR UXILITY PATENT APPLICATION 



AS A BELOW-NAMED INVENTOR, WE HEREBY DECLARE THAT: 

Our residence, post office address, and citizenship are as stated below next to our names. 

We believe we are the origiaal, first and joint inventors of the subject matter which is 
claimed and for which a patent is sou^t on tiie invention entitled: USE OF FUCOSYLATED 
SIALYLATED ACETYL LACTOSAMINE CARBOHYDRATE STRUCTURES FOR 
DNHmmON OF BACTERIAL ADHERENCE, the specification of which is attached hereto 
unless the following box is checked: 

S was filed on 16 March 2000. as PCX International Application No, 
PCT/SEOO/00514 

WE HEREBY STATE THAT I HAVE REVIEWED AND UNDERSTAND THE 
t CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, INCLtJDING THE CLAJMS, 
^ AS AMENDED BY ANY AMENDMENT REFERRJED TO ABOVE. 

We acknowledge the duty to disclose information which is material to the patentability as 
defined in 37 C.F.R. § 1.56. 

We hereby claim foreign priority benefits under 35 U.S.C. § 1 19(a)-(d) or § 365(b) of 
any foreign application(s) for patent or inventor's certificate, or § 365(a) of any PCT 
International' application which designated at least one country other thaa the United States listed 
b elow and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a filing date before that of the 
application on which, priority is claimed: 




We hereby claim benefit under 35 U.S.C. § 1 19(e) of any United States provisional 
application(s) listed below: 



We hereby claim the benefit under 35 U.S.C, § 120 of any United States application(s), 
or § 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of tiie claims of ttds application is not disclosed in tiie prior 
United States or PCT International application in the manner provided by the first paragraph of 
35 U.S.C. § 1 12, we acknowledge the duty to disclose information which is material to 




patentability as defined in 37 C.F.R. § 1 .5T5 which became available between the filing date of 
the prior applicatloii and the national or PCX International filing date of this application. 



We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information and belief are believed to be true; and fiirther that these 
statements were made with the knowledge that willful felse statements and the like so made are 
punishable by fine or imprisonment, or botiti, under § 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application or any patent 
issued -diereon. 
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